Cardioinhibitory carotid sinus syndrome (CICSS) is traditionally associated with syncope, but has recently also been implicated in the genesis of falls in older patients (1) (2) (3) . Both observational (2,3) and intervention (1) studies have demonstrated this causal role, but the reasons why patients present with falls rather than syncope are unclear. This is compounded by the frequent absence of witness accounts of falls; up to 60% of falls in older people are unwitnessed, making a corroborative history of loss of consciousness (LOC) less likely (2, 4) .
Amnesia for LOC is a well-described phenomenon in patients with epilepsy of all age groups and may be one explanation for CICSS presenting as falls in older persons. In our clinical practice, we noted that fallers often elicited amnesia for LOC during bradycardia induced in the laboratory. Our study objective was to compare the clinical characteristics of patients with CICSS who presented with falls with those who presented with syncope. We hypothesized that amnesia for LOC was an explanation for the difference in presentation and that this was due to cognitive impairment in patients who presented with falls.
METHODS
Participants. All patients gave informed consent, and the study was approved by our local research ethics committee. Two groups of patients were recruited. Consecutive patients over 60 years of age who were referred to the Falls and Syncope Service for investigation of recurrent, unexplained falls with no history of syncope, and consecutive patients with recurrent syncope with no history of falls, both of whom had CICSS as the only attributable cause of symptoms, were invited to participate.
Cardioinhibitory carotid sinus syndrome was defined as an asystolic response Ͼ3 s during 5 s of carotid sinus massage (CSM). Bilateral, sequential (right-then leftsided) CSM was performed initially supine and, if nondiagnostic, repeated in the head-up tilt position (at 70°) during phasic heart rate and blood pressure monitoring. The maximum asystolic response was the maximum R-R interval during CSM. The vasodepressor response was defined as the maximum associated drop in systolic blood pressure during CSM. After diagnostic massage, no further CSM was performed in order to minimize the possibility of neurological complications (5) . A nurse and doctor independently noted whether patients lost consciousness, and only patients in whom both agreed that LOC had occurred were categorized as LOC. Subjects were not informed before the study that they were going to be asked whether they had lost consciousness. Immediately on recovery, patients were asked if they had lost consciousness. All were asked again when ambulant before leaving the clinic. Patients who had witnessed LOC but denied LOC were categorized as having "amnesia for LOC." The doctor responsible for interpreting the results of CSM was blinded to mode of symptom presentation.
Exclusions included any other attributable cause of symptoms or severe cognitive impairment (mini-mental state examination [MMSE] Ͻ15 of 30). Investigations. Before the attribution of CICSS as the cause of their symptoms, all subjects were investigated according to the European Society of Cardiology Task Force recommendations for syncope and the U.S./U.K. guidelines on falls management (6,7). All subjects had full cardiac and neurological clinical assessment, 12-lead surface electrocardiogram, repeated morning orthostatic blood pressure assessments, and head-up tilt tests. Where indicated, subjects also had two-dimensional echocardiography, intracardiac electrophysiology, exercise stress testing, Holter monitoring and/or external loop monitoring, and electroencephalography studies. Cognitive function assessment. All subjects had baseline cognitive function assessment using the MMSE (8) . The MMSE is a standard 30-point questionnaire covering orientation, attention, executive function, and memory. Fifty of the participants agreed to more detailed cognitive assessment with the Cognitive Drug Research (CDR) computerized test battery-a touch-screen series of neuropsychological tests (9) . The battery covers all aspects of cognition, providing a summary group of five primary cognitive variables, namely speed of memory processes, quality of episodic secondary memory, power of attention, continuity of attention, and quality of working memory. The battery was administered in an individual's home by a neuropsychologist blinded to presenting symptoms. Statistics. The relative risk (RR) of a patient in the syncope group having the attribute has been calculated for all binary variables (for example presence or absence of a comorbid condition). For each of the continuous variables, means, SDs, and p values derived from t tests have been calculated, with 95% confidence intervals reported for the mean. Interval estimates of the difference between groups are provided to allow a judgement as to whether differences are not significant because of sample size or not significant because it is unlikely that there is a clinically relevant difference. An RR of 1 implies that both groups are equally likely to have a particular attribute or risk factor, while a value Ͼ1 implies higher risk in the syncopal group.
RESULTS
Thirty-four participants were recruited to each group; their clinical characteristics are detailed in Table 1 . Both groups were of similar age. Syncopal patients were more likely to be male, had been symptomatic for a longer period of time, and experienced more frequent soft tissue injuries (Table 1) . Otherwise, the total number of episodes, the consequences of events, such as hospitalization rates and fractures, prescribed medications (including rates of polypharmacy and cardiovascular and psychoactive medications), and comorbidity were similar for fallers and syncopal patients with the exception of osteoarthritis, which was more common in fallers (Table 1) .
Abbreviations and Acronyms
CICSS ϭ cardioinhibitory carotid sinus syndrome CSM ϭ carotid sinus massage LOC ϭ loss of consciousness MMSE ϭ mini-mental state examination RR ϭ relative risk The maximum asystolic response during CSM and the vasodepressor response during CSM was the same for both groups ( Table 2 ). The hypersensitive response was rightsided in 85% (24 patients) of syncopal patients and 71% (29 patients) fallers (p ϭ NS). In fallers, CSM was more often diagnostic in the head-up tilt position than when performed supine ( Table 2 ). Loss of consciousness during diagnostic CSM was more common in fallers, with fallers who lost consciousness during CSM being much less likely to recall induced LOC than syncopal subjects (Table 2 ). There was no disagreement between nurse and doctor on the presence or absence of LOC during CSM. Cognitive function. There was no difference in the cognitive scores for MMSE assessments or more detailed CDR assessments between fallers and syncopal patients (Table 3) . Thirty-four fallers and 16 syncopal patients agreed to CDR testing. There was no difference in clinical characteristics between these two groups.
DISCUSSION
Amnesia for LOC is the most likely explanation for older persons with CICSS presenting with falls rather than syncope. Other differences in clinical characteristics were that fallers were more likely to be female, have a higher symptom burden, and suffer comorbid osteoarthritis. The higher prevalence of amnesia for LOC supports our hypothesis that fallers with CICSS experience a "microsyncopal" event leading to their collapse, and subsequently remember the fall but not the transient LOC that precipitated it. Amnesia for LOC is a well-recognized phenomenon in epilepsy, transient global amnesia, and concussion (10, 11) . It is postulated that the hippocampus and temporal lobes play key roles in disruption of the temporary memory store (12) . The transitory memory disturbance in these disorders is attributed to ischemia, seizure discharge, migraine, or concussion, although clear causal pathophysiology is still lacking (12) . As in our CICSS fallers, it is noteworthy that amnesia for LOC in these disorders is not associated with impairment of other aspects of cognitive function.
The ability of a neuron to transmit and store information is based on the speed and plasticity of its synopsis. The hippocampus is composed of "soft synopsis" neurons (i.e., those with greater plasticity), while the neocortex is composed of "hard synopsis" (12) . A high degree of neuronal plasticity demands a high quality of metabolites and growth factors derived from surrounding blood vessels. During an ischemic event, the hippocampal neurons (particularly the CA1 neurons) are vulnerable to cell damage (12) particularly if cerebral autoregulation is abnormal (13, 14) . We hypothesize that the hippocampus momentarily loses its function due to reduced cerebral perfusion during CICSS-induced hypotension, which explains the transient loss of memory demonstrated in fallers with CICSS. Differences in cognitive function clearly did not account for the amnesia for LOC seen more prominently in fallers. An alternative explanation may lie in altered cerebral autoregulation during bradyarrhythmia-induced symptoms, resulting in transient and selective differences in regional cerebral perfusion and consequent disturbance in awareness of consciousness. Our group have recently reported altered cerebral autoregulation in patients with CICSS (15) . Cerebral autoregulation differed significantly between cases and controls for both dynamic and static indexes, while cerebrovascular resistance was significantly higher in patients with CICSS than in controls (15) . The magnitude of the asystolic and vasodepressor responses and the laterality of the maximum asystolic response were similar in both groups, suggesting that the underlying pathology is similar. However, a higher proportion of fallers had their initial diagnostic test in the head-upright position, further supporting our hypothesis that compromised cerebral perfusion secondary to altered cerebral autoregulation underpins amnesia for LOC. Syncopal subjects experienced symptoms for more than twice as long as fallers, and, while fractures and hospital admission rates were similar, the syncopal group suffered more soft tissue injuries requiring medical attention. The higher frequency of symptoms in fallers is a possible explanation for earlier referral.
Thus, patients with carotid sinus syndrome who present with falls rather than syncope are more likely to be female, have more frequent symptoms, and have a higher prevalence of CSM-induced asystole during testing in the upright position. Although more liable to experience witnessed LOC during laboratory testing, fallers are less likely to perceive any disturbance of consciousness after diagnostic CSM, showing clearly, for the first time, the manner in which such patients manifest their symptoms.
